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(57) A polyamino acid oGgonudeotkJe carrier com- 
prising a poMlysine-Berine) random copolymer. The 
carrier combines with an oligonucleotide without caus- 
ing precipitation and releases the combined oligonucle- 
otide smoothly in a cell. Hence it is useful as a carrier for 
in vivo transportation of a drug for oligonucleotide gene 
therapy against various types of genopathy and viral 
diseases such as AIDS Further it contributes greatly to 
the creation of various useful animals and plants, such 
as virus-resistant plants, by genetic engineering tech- 
niques. 
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Description 

Technical Field * 

Th present invention relates to a poly-ami no acidic oligonudeotide-carrier. More particularly, the present invention 
relates to a novel pdy-arnino acidic carrier for oligonucleotide, which carrier is useful when transporting a pJasnid DNA 
vector which possesses a drug oligonucleotide to be incorporated into chromosome thereby expressing RNAof the oO- 
gonudeotide in cells, or a drug which contains, as an effective ingredient, oligonucleotide having a specific function 
against mRNA of viral gene. 

Background Art .v.*,:,.- 

Fundamental studies on medical use of oligonucleotide (for example, anti sense oligomer) have recently, been 
actively carried out. and are now entering a stage of concretely searching for potentiality thereof. Actually, there are 
available many reports of in vitro studies on oligonucleotide: stability against solvent, selection of , a target gene 
sequence to anti sense oligomer, membrane permeability in cefl lines, life span, nuclease resistance, intercellular dte- 
trtoution and the like. 

Along with the progress of these fundamental studies, it has come to be considered very inportant to select an 
appropriate carrier substance when using oligonucleotide as a medical drug, and development of such a carrier sub- 
stance and solution of problems tor this purpose are now becoming inevitable tasks. More specifically, for example, 
important problems for this carrier include exclusion of positive charge of carrier complex which is unfavorable in bio- 
logical dynamics of administration pathways such as intravenous injection, establishment of an efficient targeting sys- 
tem including cell membrane permeability, and improvement of life span and stability of oligonucleotide dnjgs and 
inprcvement of uptake efficient into cells. > 

Since oligonucleotide itself is very unstable and susceptible to decomposition under the effect of external condi- 
tions, research efforts are actively made to develop a drug delivery carrier for stably and efficiently carrying oligonucle- 
otide to a target organ. 

Overview of the process of the past research and development demonstrates that many of the conventional carrier 

are based on liposome which is a structure having a lipid bilayer configuration similar to a biological membrane. For 
example, an oDgonucleotide drug included in liposome is reported, in which the oligonucleotide is stable in fiposome. 
lind al the sairo FmeTcti bngonucleotide is increased ^ 

liposome (Alain R. Thierry and Anatoly DritschDs, Nucleic Acid Res.. 20. 5691 -5698 (1 992)). 

However, fine particle of liposome have a demerit of having a short half-life in blood. To overcome this disadvan- 
tage, improvements have recently been made in chemical stability such as oxidation stability, biological stability and col- 
loidal chemical stability, and a new-generation liposome having a long half-life and an immunoliposome (a Hposome 
having an antibody imbedded onto the surface thereof) are being developed, while practical problems have not however 
as yet been solved. ^■■■"S** 

On the other hand, research efforts have suddenly increased which propose a technique of, by the utilization of ani- 
onicity of oligonucleotide, bonding oligonucleotide to a cationic natural protein or a cationic synthetic poly-amino acid, 
and delivering the resultant ionic complex to or into target cells (Nature. 271 , 1 30-1 35 (1 978), J. Biol. Chem.; 262. 4429- 
4432 (1987), J. Biol. Chem., 263, 14621-14624 (1988), Proc. Natl. Acad. Sci. USA, 87. 3410-3414 (1990)). This tech- 
nique is based on the fact that oligonucleotide is bonded in terms of charge to a cationic side chain of amino add such 
as E-amino group of lysine (Lys) residue, for example, and forms a relatively stable complex (Lemaitre, M., et ai, Proc. 
Natl. Acad. Sci U.SA. 84. 648-651 (1987)). There is however a problem in that formation of these complexes leads to 
generation of precipitation. In all these studies, therefore, a limit is that complexes are cationic heterogeneous ones. 

For exanple. poly-L-Lys (PLL) is a well-known drug carrier (H.J.R Ryser and W.C. Shen, Proc. Natl. Acad. Sci. 
U.SA, 75, 3867-3879 (1978)). It is known that the complex of PUL and oligonucleotide is biologically very stable, and 
formation of complex with PLL makes oligonucleotide present stably against nuclease (B. Bayard, et el, Fur. J. Bio- 
chem, 151, 319-325 (1985)). However, the mixing concentrations in bonding of both PLL and oligonucleotide are lim- 
ited by the problem of precipitation. This in contrast suggests a possibility that a solution of the complex-precipitation 
problem increases their mixing concentrations, thus leading to an improved stabifity of ofigonucleotida - 

In addition, it is reported that uptake of an oligonucleotide into cell is promoted by forming it to a complex with PLL 
(WU, G.Y. and WU. C.H.. J. Biol. Chem., 27. 887-892 (1988)). There is available another report showing the fact that 
partial chemical modification of PLL increases specificity of oligonucleotide to various cells (E. Wanger, et al.. Proc. 
Natl. Acad. Sci. U.&A., 87. 3410-3414 (1990)). While its action mechanism has not as yet been-clarified, a report dem- 
onstrates that PLL exerts an effect on cell membranes to assist interporation of oDgonucleotide, and another, that the 
complex formed by covalent bond of PLL and oligonucleotide increases consequently affinity to cell membranes (M. 
Fechheimer, et al., Proc Natl. Acad. Sci. U.SA. 84, 84633-8467 (1987)). The problem of precipitation as described 
above has not as yet been solved even with these reports. 
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As another serious problem, many reports point out cytotoxicity of PLL (J.R Leonetti. et ah, Bknxxijugate Chem.. 
1 149-153 (1990)). Zhou, et a), compare a complex of poly-O-Lys (PDL), which is a stereoisomer of PLU with oligonu- 
cleotide and that with PLL, and report that, as a result, the complex of PDL and oJigonudeotid is biologically more sta- 
ble than that with PLL. but is more toxic to cells (X. Zhou, et al., Biochem. Biophys. Ada. 1065. 8-14 (1991)). Although 
it is thus ascertained that the oligonudeotid complex with PLL is less cytotoxic than that with PDL theproblem of cyto- 
toxicity has not as yet been solved. From the point of view of cytotoxicity, a report points out that PLL having a molecular 
weight of up to 14.000 exhtoits no cytotoxicity (J.P. Leonetti. et al., Bioconjugate Chera, 1 . 149-153 (l9^))/Ms.Qom- 
plex is not however suitable as a drug earner because of the probl^ 

Degols, et al. synthesized an anti sense ofigonudeotide complementary to the mRNA of tat gene of HIV (Human 
Immunodeficiency V1rus)-1 genome, and studied the tat gene inhfcrting effect of the ofigonudeotide complax with PLL. 
They thus ascertained that, in vitro, the complex demonstrated an activity more than 1 00 times as high as that of anti- 
sense alone (P. Degols, et aL, Antiviral Res., 17, 279-281 (1992)). Simultaneous use of PLL can thus be deemed to 
have a gene inhibiting effect of the antisense ofigonudeotide. ; -: ;: 

Under the present drcumstances, however, the complex of PLL and ofigonudeotide involves a serious problem of 
very easy agglomeration (J.R Leonetti, et aL. GENE. 72. 323-332 (1988)). For this reason, it has been believed dHftcutt 
to apply such a cationic natural protein and cationic synthetic poly-amino add to organism as a drug earner. Under 
these circumstances, there has been an increasing demand for the development of a novel digonudeotide carrier to be 
transported into body, free from predpitation even after formation of a stable complex : * 

Disdosure of Invention ^ ^ ^ - ^ ^ ® 

The present invention was developed in view of the circumstances as described above and has an object to provide 
a novel poly-amino acidic ofigoriudeoWe-carrier. which overcomes the defects of the prior art that a cationic rhymer 
compound such as PLL tends to generate precipitate through combination with anionic digonudeotide; and a complex 
of such a compound and ofigonudeotide formed with low mixing concentrations free from precipitation is cationic and 
has a cytotoxicity, permits configuration of a complex formed into a homogeneous system and can effectively improve 
the function thereof as a drug carrier. 
—The present invention providesras means to solve the abov^ 
otide carrier comprising a pdy-lysineserine random copolymer. 
.For the carrier of the present frwention, a preferable en^nrentjsjhafr foe ratio of tydneserine is fron? 5^1 to 1j3 

The pdy-aminoadefic carrier of the present invention forms, through bonding with oligonucleotide, a homogeneous 
and stable complex, and effidently releases an digonudeotide drug in human cells (pH* 5.0). 

Brief Descnlplion of Drawings * - ^ ^ 

Figs. 1 (a) and (b) are primary structural formulae showing oligonudeotides DRD12 and R32 used in the examples. 

Fig. 2 illustrates the relationship between concentration of pdy-amtno acids having formed an tonic complex with 
ofigonudeotide and absoibance of the complex > .J. 

Rg. 3 illustrates the results of electrophoresis of digonudeotide having formed a complex with PLS earner oi me 
present invention. * ■ ' . ' ' 

Rg. 4 fllustrates the concentrations of pdy-amino ackfic carrier for forming a complex with digonudeoWes R32 

andDRD. 

Fig. 5 fllustrates the corwentration of pdy-amino acidic carrier and digonudeotide pU1 19. 
Rgs. 6 (a), (b) and (c) illustrate the respective results of capillary dectnophoresis of poly-amino acidic earner. 
Figs. 7 (a) and (b) illustrate the results of electrophoresis of R32 after reaction with PLS (3/1) and PLS (1/1) . 
respectively. 

Rg. 8 represents the undeconposition ratio with time in human serum d digonudeotide having formed a complex 
with pdyamino ackfic carrier. 

Fig. 9 illustrates the relationship between the discharge ratio and pH tor digonudeotide R32 having formmg a com- 
plex with poly-amino addic carrier. 

Rg. 10 illustrates the relationship between the discharge ratio and pH for digonudeotide pU1 19 having formed a 
complex with poly-amino addic carrier. * 

Best Mod e for Carrying Out the Invention 

The poly-amino acids, which is a poly-amino acidic compound comprising a pofy-»ysine:serine random copolymer, 
is useful a& an in vivo carrier for an digonudeotide drug such as an antiviral agent 
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The poly-amino acidic carrier of the present Invention is cafionic by being Inserted serine (Ser) of which side chain 
is much hydrophflicity. and forms a stable ionic complex with oligonucleotide without causing precipitation. At an acidic 
pH condition, furthermore, th bonded ofigonudeotid is efflcientJy dscharged. 

Such a poly-amino ackfic carrier can be expressed, for example, by the following formUa In this tormtfa. th 
5 number of Ser residues and the inserted positions are not limited, and m and n are integers. The ratio Lys:Ser should 
be within a range of from 5:1 to 1 :3, or more preferably, from3:1 to 1:1: 

( NH-CH-CO )n -NH-CH-COO- 
OH (CH 2 )i 
NhV 

is 

This compound can be prepared by any of the conventional methods (Rajendra, aR, et a)., Human Genetics, 55, 
3633 (1980); Lim F. and Sun, A., M. Science 210, 908 (1980). 

20 EXAMPLE 

Now, the present invention will be described in further detail by means of examples. It is need ess to mention that 
the present invention is notBmited by these examples. Jvv 

In the examples described below, the following oligonucleotides were employed for forming a complex with the car-. 
25 rier. The two kinds of oligonucleotide shown in Figs. 1 (a) and (b) were synthesized with the use of a DNA synthesizer 
(made by Applied Biosystems Company; type 380B or type 392). In Fig. 1, adenine-nucleotide is represented as A, 
guanine-nucleotide, as G, cytosine-nucleotide, as C, and uracil-nucleotide, as U. These were synthesized by the phos- 

"phMhWitemethod using t-butyldimethytei^ 

VW. 17,7059-7071 (1989)). Fig. 1 (a) shows a linear chimera oligonucleotide comprising twelve bases (DRD12). While 
so sutetantial portonB oftfiemain chain wnsfet of DNA, only three GUC ba^ near the center comprise RNA. Fig. 2(b) 

These models of oligonucleotide were purified in accordance with a method descrfoed in a reference (Nucleic Acid 
Res., VW. 19, 5125-5130 (1991)). 

In addition, known plasmid pU119 (3162 base pairs) was used as an oligonucleotide having a large molecular 

35 weight 

(Labels of pofy-amino acid and oBgonudeotide) 

The PLL of Lot 111 H-5520; MW = 3.000 Pcty-L-Lys-Hydrobromide (PLL® ) by Sigma was mainly used for a con- 
trol. Also, Poly-L-Lys-Hydrobromides of Lot 51H-5516; MW « 4,600 (PLL @), Lct72H-5539; MW ° 20.500 (PLL <3>). 
and Lot111H-5506; MW = 37,200 (PLL ®) were used for controls. Examples of poly-Lys: Ser random copolymer 
(PLS) include Sigma's Lot30H-5525; MW = 21 ,800 Poly-(Lys:Ser o 3:1)-Hydrobromide [PLS(3/1)J and chemically syn- 
thesized MW « 30,000 Poly-(Lys:Ser s 1 :1)-Hydrobromide [PLS(1AI)]. ^ 

Afl these poty-anino acids were dissolved by a phosphate buffer solution (pH - 7.2) having an ionic strength of 
0.02. LabelGng of ^P of ofigonudeofcte was made by mixing 27.3|il of oligonucleotide (1 .83 OD. 5 pmoD. 15.7|U of auto- 
claved purified water, 5jiJofx10 kinase buffer solution (250 mM trts hydrochloric acid buffer solution: pH» 7.6, 100 mM 
DTT, 100 mM MgCy, 1jU of T4 polynudease (10 units/ >iJ). and IjU of ATP, and then reacting for an hour at 37°C. 

(Measurements of absorbance, formation of complex, and generation of precipitation) 

50 

Turbidity or generation of precipitate caused by the formation of the ionic complex of poly-amino acids and oligonu- 
cleotide was spectroscopically sturfed by measuring absorbance at 360 nm of the solution. The results are shown in 
Figs. 2 (a) and (b). The concentration of oligonucleotide was 5 pmolAil. Respective concentrations of charge neutrali- 
zation in the formation of the ionic complex were calculated from the numbers of charges calculable from the moleaJar 
55 weights of polyamino acids and oligonucleotide. 

The results of absorbance measurement demonstrate that, when using PLL ©(MW o 3,000) as poly-amino adds, 
turbidity or precipitation was observed (Fig. 2, a) near a PLL concentration at which formation of a complex was antici- 
pated. When changing the molecular weight of PLL (4,600. 20,500 and 37,200), i.e.. for PLLs @, ©and @, the results 
were the same. When using PLS (3/1) random copolymer of the present invention contairirig abort 
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in PLL, in contrast charge was neutralized, and no turbkfity was observed even at a concentration at which formation 
of a completely Ionic complex was anticipated (Fig. 2, b). Even at a higher concentration, the mixed solution was homo- 
geneous. This is attributable to the increase in hydrophflicity of the formed complex resulting from insertion of Ser res- 
idues into PLU and suggests a high effectiveness of PLS of the present invention as a biological carrier. 

5 

(Electrophoresis) 

Oligonucleotide exhibits electrophoresis in the positive charge direction because of the negatively charged phos- 
phate group. By adding positively charged pofy-amino acids to negatively charged oDgonucJeotide. negative charge of 

10 oligonucleotide is inhibited with the increase in the concentration of pdy-amino acids* thus resulting in a decrease in 
the mobility of oGgonudeotida Mobility was therefore evaluated by adding PLS (3/1) to oligonucleotide DRD12 for bond- 
ing and then observing electrophoresis of the resultant mixture. The results are shown in Fig. 3. Afl the experimental 
operations for complexes were earned out after a sufficient reaction of the pdy-amino acids and oligonucleotide which 
were stirred for about 15 minutes after mixing. 

is As shown in Fig. 3, electrophoresis resulted in a decrease in mobility of oligonucleotide along with an increase in 
PLS concentration. Upon formation of a complex neutralized in terms of electric charge, no electrophoresis of oligonu- 
cleotide was observed. Their mixing concentrations upon formation of the complex was estimated on the basis of these 
results. i v 

20 (Membrane separation and complex forming concentration) 

An ultrafiltration tube having a fractionating membrane through which the formed complex can not pass (a centrif- 
ugal tube with a limited ultrafree C3-GC uFC3 TGCOO filter, made by Nippon Millpore Company) was previously 
labelled with ^P-ATP and was filled with oligonucleotide of which ^P content had been measured. This solution and 

25 poty-amino acids solution were mixed at various ratios, and then each mixture was placed in the tube for centrifugal 
separation to measure the 32 P content in free oligonucleotide in the filtered solution. Finally, the quantity of the formed 
complex was directly measured whOe taking account of the ^P content in the filtered solution relative to the initial con- 
tent of ^P. The results are illustrated in Fig. 4 which shows the results of complex formation, for PLL ©, PLS (33/1) 
and PLS (1/1), with oligonucleotide DRD1 and R32 shown in Fig 1. 

30 The measured complex forming concentrations very well agreed with values determined from the measurements 
mentioned ietfx>ve^ In the case with PLS, no turbidity was observed in the complex 

solution. 

The complex forming concentrations of oligonucleotide and poly-ami no acids were limited from these results. 
In general, it is known, as compared with a linear chain, that oligonucleotide forming a secondary structure such as 

35 a stem loop structure is hard to bond to a target anti sense molecule having a stem region. This can naturally be con- 
jectured also for the carrier of the present invention. Therefore, the extent to which the molecular weight and three- 
dimensional structure of oligonucleotide effect on bonding with poly-ami no acids was investigated This was accom- 
plished by the measuring technique based on membrane separation, which comprised using two Hinds of oligonucle- 
otide (a) and (b) shown in Fig. 1, and seeing how much complex was formed from what concentrations of 

40 oligonucleotide and poty-amino acids. 

In the formation of a complex with PLL, a difference was observed between the two kinds of oligonucleotide. Along 
with the increase in the PLL concentration, formation of the complex of DRD12 and PLL was accelerated to reach finally 
a quantity of complex formation (association/%) of 80%. That of the complex of PLL and R32 was in contrast about 50% 
near a high PLL concentration. As compared with a linear-chain oligonucleotide, it is more Difficult for secondary-struc- 

45 ture oligonucleotide to bond to poty-arrino acids having Lys as the main chain. 

On the other hand, conformation of oligonucleotide exerted no effect on bonding of oligonucleotide to PLS of the 
present invention In all cases, bonding of PLS to oligonucleotide proceeded with the increase in the PLS concentration, 
to finally reach a quantity of complex formation of PUL-DRD12 or PLS-R32 of 100%. Particularly, PLS (1/1) containing 
Lys and Ser in equal contents rapidly formed a 100% complex with DRD12 or R32. This is considered attrftxrtable to 

so the tact that insertion of Ser residues having a flexible skeleton increases freedom of PLS as a whole, thus permitting 
as a result avoidance of disturbance to bonding with oligonucleotide having a specific three-dimensional structure. It 
was thus clarified that at least regarding conformation of oligonucleotide, the novel carrier of the present invention did 
not limit drug oligonucleotide. This result suggests that the carrier of the present invention is particularly useful for trans- 
port in vivo of an anti sense drug or a liposome drug for which research data have recently been increasing. 

55 A similar study was carried out on formation of a complex of poly-amino acidic earner with plasmJd pU119 (3162 
base pairs) having a far higher molecular weight than th above-mentioned oligonudeotid DRD12 (12 bases) and R32 
(32 bases). Results wer as shown in Fig. 5: the carrier PLS of the present invention exhixted a significantly higher 
complex forming ratio (about 40%) than the conventional PLL earner (about 30%) with oligonudeotid (pU1 19) having 
a high mdecuJar weight although it showed a lower complex forming ratio than DRD12 or R32 having a low molecular 
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weight This result demonstrates that the carrier of the present invention is wefl applicable for transport in wvo of a plas- 
mid expression vector. *z 

(Capfllary electrophoresis) 

5 

Rom the above-mentioned results of the electrophoresis test (Fig. 3), It is expected that the complex of PLS and 
oligonucleotide has no charge. This result was therefore further clearly conf irmed by applying the complex to capillary 
electrophoresis (mufti-channel capillary electrophoresis apparatus: CAPI-3000. having an MCPD-3600 Spectro Multi- 
channel Detector, made by Otsuka Electronics Company). An Si -coated capfllary tube (anion charged) was employed. 
10 The results are shown in Figs. 6 (a), (b) and (c) (pherogram at 200 nm). Under these condition^ a peak of pheny- 
lalanine (Phe) having no charge was detected in a holding time of 4.35 minutes (a). A peak of PLL and oligonucleotide 
was detected in 29.46 minutes (b). This means that, because of the positive charge of the complex, its bonding to cap- 
illary is caused, thus resulting in a delay in peak detecting time relative to Phe. 

The peak of the complex of PLS (3/1) and oligonucleotide was observed in a holding time (4.52 minutes) dose to 
75 that of Phe having no electric charge (c). This result revealed that the complex of PLS and oligonucleotide does not 
bring about electric charge. ^. 

Since the effect of charge (mainly positive charge) on an organism is considered important when evaluating a car* 
rier system, the PLS earner having no charge is expected to have a low toxicity to cells, and is suggested to be signifi- 
cant as a novel in vivo drug carrier. 

so 

(Stability of oligonucleotide) ■? r r- l: 

The effect of the formation of an ionic complex on stability of oligonucleotide was evaluated by the following manner 
in human serum. v te > 

25 Solutions of PLS (3/1) and PLS (1/1) (concentration:1 x 10* M) were prepared by dluting a PLS stock solution 
adjusted to 1 E-4M (1x1 0**M) by means of a phosphate buffer solution with the same buffer solution. Then, each of the 
resultant solution was added to a solution (concentration: 0.25 ^tg/uJ) of oligonucleotide labelled with 32 P-ATP (ribozyme 
R32), and complex solutions of various mixing ratios were prepared. 

After mixing the complex solution of PLS and oligonucleotide while adjusting the amount of addition so as to 

30 achieve a final concentration of the human serum solution of 90%, and the resultant solution was incubated at 37°C. 
Sampling solution taken at an appropriate timing was transferred, after adjusting pH to about 5.0 by the addition of a 
necessary amount of 1 N hydrochloric acid, into an ultrafiltration tube (centrifugal tube with a limited uHrafree C3-QC 
UFC3 TGCOO f iter, made by Nippon MDIipore Company) having an amount of membrane fraction molecular weight of 
10,000. After removing RNase through centrifugal separation at 5,000 rpm for 15 minutes, the filtered solution was 

35 stored at -80°C until analysis. Upon analysis, these samples were melted at the room temperature, and then subjected 
to electrophoresis (constant voltage of 2.(X» V. for 24 houre) by means of 2ra 

The results are shown in Figs. 7 (a) and (b). Fig. 7 (a) represents the results of PLS (3/1): the five lanes show 
decomposition patterns of R32 present in human serum upon the lapse of the individual times. The bands observed on 
top of the gel are undecomposed R32, and slight bands observed at the bottom are R32 decomposed by ribonudeases. 

40 As is clear from this result of electrophoresis, while decomposition of R32 is not observed until the lapse of 0.08 hours 
when using PLS (3/1), the amount of decomposed R32 increased with time The amount of undecomposed R32 upon 
the lapse of 24 hours was less than a half that upon the lapse of 0.08 hours. On the other hand, Fig.7 (b) represents 
corresponding results for PLS (1/1): undecomposed R32 upon the lapse of 24 hours had a band strength of almost the 
same level as that upon the lapse of 0 hour, and almost no lower band which suggested the presence of R32 cfesoci- 

45 ated from the carrier was observed. Finally, residual RNA was measured with a bio-image analyzer (made by Fuji F9m 
Company, BA1 00), and the measured result was adopted as the amount of undecomposed oligonucleotide As a con- 
trol, similar test was carried out on a PLL solution. The results of these studies are shown in Fig. 8. 

In human serum having a final concentration of 90%, free oligonucleotide (not forming a complex) is usually decom- 
posed in a very short period of time It was in contrast confirmed that oligonucleotide having a complex with pdy-amino 

so acidic carrier became harder to be decomposed. However, oligonucleotide having formed a complex with PLL is 
decomposed with time, and no complete oligonucleotide was observed after the lapse of 24 hours. 

In the case of oligonucleotide protected by the formation of a complex with PLS 0/1), in contrast, 50% was stably 
present even after the lapse of 24 hours. Fa oligonucleotide having formed a complex with PLS (1/1) rich in Ser resi- 
dues, more than 90% were stably present even after the lapse of 24 hours. 

55 These results demonstrate that the cationic PLS carrier of the present invention, when bonded with an oligonucle- 
otide drug, does not generate precipitate, and large contribute to stabilization of the oligonucleotide drug administered 
in vh/(i It was also suggested clearly that the increase in the Ser residues content effectively acted on the improvement 
of functions of PLS as a carrier. 
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(Release of oGgonudeotide> 

Release of oligonucleotide from the once formed ionic complex was made possNe by altering pH of th system. 

It is wefl known that PLL, while presenting a 100% hefix structure under strong alkaline concfitions, takes almost a 
100% random coil structure under acidic conditions. Paying attention to the feati*e of PLL of being sensitive to pH, PLS, 
a random copolymer of PLi, was expected to be sensitive to pH as welL As a result ol a cir^ar cfichroism measue- 
ment PLS induces more hefix stnjctures than near pH 7, but the heTacorrtert 

same level as that of PLL This suggests a possibility that in Wood (ph- 7.0), many helix structures of PLS protect oli- 
gonucleotide from nuclease; and when lysosome (pH- SO) at which it is incorporated into ceOs is reached, the oligonu- 
cleotide drug is promptly released LT "l. 

On the basis of the above-mentioned results of measurement of absorbance. electrophoresis and membrane sep- 
arating measurement, each of PLS (3/1) and PLS (1/1) solutions was mixed with an oligonucleotide R32 solution (5 
pmol/hi) labefled with 32 P-ATP, and solutions of complexes thereof were prepared A complex solution in which the 
complex was in an environment within a pH range of from about 3 to about 10 was prepared by adjusting pH through 
addition of 1 N hydrochloric acid or 1 N NaOH. Each of these solutions was transferred into an ultrafiltration hte (cen- 
trifugal ttfce with a fimited ultrafree C3-GC UFC3 TGCOO rater, made by Nippon MDRpore Company) and caartrifugaBy 
separated at 5,000 rpm tor 15 minutes. 

The amount of ^ 2 P in the filtered solution was measured, and the amount of free ofigonudectide was determined 
with due regard to the amount of ^P in the filtered solution relative to the initial amount of P. The results are shown 
in Fig. 9 

Oligonucleotide having formed a complex with poly-amino acidic carrier begins to be released from the carrier at a 
pH of up to 6. At the proximity to pH of 3 on the acicfic side, the PLS earner of the present invention showed a dissoci- 
ation of oligonucleotide of 100%, whereas the PLL carrier showed a dissociation of only 75%. Particularly, in the case 
of pH of about 5.0, which is the same condition as for lysosome, there was observed a remarkable difference between 
PLL and PLS. As is evident from the above description, oligonucleotide such as virus-inhibiting gene delivered into cell 
by the PLS carrier of the present invention, leaves the PLS carrier under the effect of pH of lysosome, and can thus fuBy 
display its own functions. 

Similar study was carried out also on oligonucleotide pU1 19 having a high molecular weight The results are as 
shown m Fig. 10: only PLS (1/1) in the acidic region (pH» 3) released 100% pU119. Although not 100%, PLS (3/1) 
showed a more excellent releasing function than PLL With a pH of 5, the same condition as lysosome, the difference 
between PLS and PLL was remarkable. It was confirmed from this result that the carrier PLS of the present invention 
was useful not only for an arrti sense drug or ^ 
tor or the like. 

Industrial Applicability 

Poly-amino acidic oligonudeotide-canrier of the present invention is bonded to oligonucleotide without causing pre- 
cipitation, and smoothly releases the bonded oligonucleotide in cells. It is therefore useful as an in wvo transport carrier 
of an oligonucleotide drug against various genetic diseases and viral diseases such as AIDS. It also makes a great con- 
tribution in the creation of various useful animals and plants by genetic engineering technique, including virus-resistant 
plants. 

Claims 

1. A poly-amino acidic digonudeotide-carrier comprising a pdy-tysine:serine random copolymer. 

2. The poly-amino acicfic oligonudectide-carrier as daimed in daim 1 , wherein the constituent ratio of lysine to serine 
is within a range of from 5:1 to 1 .-3. 

3. The poly-amino acidic digonudeotide<anier as claimed in daim 1 or 2, wherein said carrier has a weight-average 
molecular weight within a range of from 3.000 to 35,000. 
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Fig. I 



5*- CCC GUC CCCCG -3' 
(a) 

5'- CGCCAAAGCCGGAAAGCCGGACUAGUCCCGGC -3 

(b) 

Underscored portions represent DNA. 
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Fig. 2 




Poly-amino acids concentrate on/lE-5M (1x10" 
Oligonucleotide concentration: 5 praol/jjl 
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Fig. 3 



Lane 1 1E-5M (lxlO s M) 

Lane 2 2E-5M (2xlO s M) 

Lane 3 5E-5M (5xlO s N) 

Lane 4 8E-5M (8xlO-*N) 

Lane 5 1E-4M (lxlO *M) 




10 



EP 0 727 223 A1 



Fig. 4 
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Fig.5 




12 



EP0727223A1 



Fig. 6 
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Fig. 7 



PLS (3/1) 

r 1 

0.08 1 3 6 24 



Undecoaposed . 

R32 ^ 



Decomposed ^ 
R32 
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Fig. 8 




Ti»e/hr. 
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Fig. 10 
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